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Inducibility of Sustained Monomorphic Ventricular Tachycardia as a
Prognostic Indicator in Survivors of Recent Myocardial Infarction : A
Prospective Evaluation in Relation to Other Prognostic Variables
TIM CRIPPS, MD, E . DAVID BENNETT, MD, A . JOHN CAMM, MD, FACC,
DAVID E. WARD, MD, FACC
London, England
The prognostic significance of sustained monomorphic ven-
tricular tachycardia inducible with up to three extrastimuli
was assessed in relation to other prognostic markers,
including clinical assessment, signal-averaged electrocar-
diogram (ECG), Holter monitoring, ejection fraction mea-
surement and exercise testing, in 75 patients after recent
myocardial infarction . Among eight patients with inducible
sustained monomorphic ventricular tachycardia, six suf-
fered arrhythmic events during a median follow-up period
of 16 months . No patient without inducible sustained mono-
morphic ventricular tachycardia suffered an arrhythmic
event .
Multivariate analysis showed that of all the variables
examined, inducible sustained monomorphic ventricular
tachycardia was the only independent predictor of arrhyth-
mic events during the follow-up period . The sensitivity for
The mortality rate in the year after discharge from the
hospital after myocardial infarction is approximately 10%
(1), and it has been estimated ( ) that about 70% of these
deaths are a result of ventricular arrhythmias . The use of
programmed ventricular stimulation to help define those at
risk from arrhythmic death has demonstrated mixed success
in this context (3-6) . However, much has been learned in
recent years concerning the optimal utilization of stimulation
protocols and the most reliable interpretation of the re-
sponses to programmed ventricular stimulation . The conclu-
sions of some of the earlier studies using this technique in
patients with recent acute myocardial infarction have, there-
fore, been brought into question . Furthermore, new nonin-
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predicting arrhythmic events by this response was 100%,
the specificity 97% and the positive predictive accuracy
75% . Individually, the other prognostic variables were less
sensitive and much less accurate predictors of arrhythmic
events, but the combination of the occurrence of acute
phase complications or frequent ectopic activity with an
abnormal signal-averaged ECG approached the sensitivity
and accuracy of inducible sustained monomorphic ventric-
ular tachycardia .
The prognostic utility of programmed ventricular stim-
ulation in patients with recent myocardial infarction is
limited because comparable information can be obtained
less invasively. However, the test may have a role in
selecting therapy in patients judged to be at risk from
arrhythmias on the basis of noninvasive assessment .
(J Am Coll Cardiol 1989;14 : 89-96)
89
vasive techniques such as signal-averaged electrocardiog-
raphy (ECG) (7) appear to be sensitive predictors of
arrhythmias in patients after myocardial infarction (8-10) .
We have carried out a prospective prognostic study (11)
in patients early after acute myocardial infarction using a
stimulation protocol of known value in the assessment of
ventricular tachycardia, defining the inducibility of sustained
monomorphic ventricular tachycardia as the primary posi-
tive response. The diagnostic utility of this approach was
then evaluated by comparing the results of programmed
stimulation with other prognostic information collected pro-
spectively in the same patients, including clinical data from
acute phase signal-averaged ECG, Holter monitoring and
exercise testing .
Methods
Study patients . All patients <_70 years of age admitted to
the hospital as a general medical emergency having sus-
tained an acute myocardial infarction within the previous
0735-1097/89/$3 .50
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4 h (between May 1 1986 and May 1 1988) were seen within
48 h of admission and considered for inclusion in the study .
The study protocol was approved by the Regional Ethics
Committee of this institution .
Myocardial infarction was diagnosed when two or more
of the following features were present : 1) chest pain sugges-
tive of myocardial ischemia, persisting for <- 0 min and
unrelieved by glyceryl trinitrate ; ) a sequential increase and
decrease in the plasma concentrations of aspartate transam-
inase, -hydroxybutyrate dehydrogenase or creatine kinase,
with a peak concentration at least twice the upper limit of the
reference range for our laboratory ; and 3) the development
of new pathologic Q waves, or persistent ST-T segment
changes suggestive of non-Q wave myocardial infarction . In
our laboratory, creatine kinase isoenzymes are measured
only if the diagnosis of acute myocardial infarction is equiv-
ocal .
Patients were ineligible if they had noncardiac disease
likely to influence mortality or important nonischemic car-
diac disease or were not available for follow-up study . They
were excluded if they had a history of previous cardiac
surgery because this factor may influence management strat-
egy, and if they had a permanent pacemaker, atrial fibrilla-
tion or bundle branch block because these conditions affect
the interpretation of the signal-averaged ECG. Since this
was a long-term prognostic study, patients who died or had
cardiac surgery before 7 days after the onset of myocardial
infarction, the usual time of hospital discharge, were also
excluded . Patients transferred from other hospitals to the
Regional Cardiothoracic Unit were also excluded, so that the
study patients would be representative of patients with acute
myocardial infarction admitted to a general hospital .
Electrophysiologic study . All patients were studied while
fasting in the absence of antiarrhythmic medication . The
stimulation protocol used was that described previously
(11,1 ). A 5F bipolar temporary pacing electrode was ad-
vanced to the apex of the right ventricle under fluoroscopic
guidance, and was positioned to achieve a diastolic threshold
of <0.5 V. Single extrastimuli ms in duration and of an
amplitude twice diastolic threshold were introduced during
sinus rhythm, being placed first at a coupling interval of
approximately 400 ms, and then brought to refractoriness in
decrements of 0 ms. The extrastimulus was then placed at
10 ms beyond the effective refractory period, and a second
extrastimulus was placed 50 ms beyond the first extrastim-
ulus and itself brought to refractoriness .
This procedure was subsequently repeated during ven-
tricular pacing at 100, 1 0 and 140 beats/min, pacing trains of
at least 7 beats being interspersed by a similar number of
sinus beats . Finally, triple extrastimuli were added similarly
during sinus rhythm and during each paced cycle length, the
first two extrastimuli being placed 10 ms beyond their
effective refractory periods, until the third extrastimulus had
also been brought to refractoriness at a paced rate of 140
beats/min .
The study was terminated if sustained arrhythmia oc-
curred or if the described protocol was completed. The
reproducibility of nonsustained responses was tested by
repeating the stimulation step that produced them, and a
response recorded only if reproducible on at least two
occasions. Reproducibility of sustained responses was not
assessed . Sustained arrhythmias were terminated by either
overdrive pacing or direct current cardioversion .
A sustained arrhythmia was defined as one lasting >30 s
or clinically requiring intervention before that time . A single
ventricular response was classified as a single unpaced beat ;
repetitive ventricular responses were defined as from two to
five unpaced beats; and nonsustained ventricular tachycar-
dia was defined as from six beats to 30 s of ventricular
tachycardia without the need for intervention because of
cardiovascular collapse . Ventricular tachycardia was de-
fined as monomorphic if it was a stable form and with a
constant relation of inscription in at least three ECG leads,
and as polymorphic if it was not uniform . Ventricular
fibrillation was defined as an irregular baseline recording
without discernible QRS complexes (13) .
Other prognostic data . Infarct site (anterior or inferopos-
terior) and type (Q or non-Q wave) were determined from all
ECGs recorded during hospital admission, including one at
discharge. The Killip class (14) and Norris index (15) on
admission were noted and the patient's status was reviewed
daily to document the occurrence of clinical complications
suggestive of major infarction . These included cardiogenic
shock (defined as a systolic blood pressure <90 mm Hg, with
evidence of inadequate cardiac output), radiographic pulmo-
nary edema, persistent sinus tachycardia (heart rate >I 00
beats/min on the third or subsequent days) and blood urea
concentration >8 .4 mmol/liter .
High gain, signal-averaged electrocardiography, tread-
mill exercise testing and Holter monitoring were performed
during the first month after infarction . An abnormal signal-
averaged ECG was defined using Simson's criteria (7) . The
model 101 electrocardiograph (Arrhythmia Research Tech-
nology) was used ; the high pass filter was set at 5 Hz . Either
a filtered QRS duration of >_ 1 0 ms or a root mean square
voltage during the last 40 ms of <_ 5 AV was considered
abnormal; a prolonged filtered QRS complex alone was not
considered an abnormal finding if the QRS duration mea-
sured from the standard ECG was > 1 0 ms .
A positive exercise test was defined as the presence of
one or more of the following criteria : Imm of horizontal or
downsloping ST depression 80 ms after the J point in a lead
not showing ST depression before the start of exercise ; and
a blood pressure increase of < 0 mm Hg; an initial increase
in blood pressure followed by a decrease ; or the occurrence
of ischemic chest pain .
Significant abnormalities on ECG Holter monitoring were
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an ectopic beat frequency of ? 10/h or the occurrence of
nonsustained ventricular tachycardia (?3 beats) .
Ejection fraction was measured from right anterior
oblique cineventriculograms, with use of planimetry to esti-
mate end-systolic and end-diastolic volumes and with use of
the Dodge formula in patients undergoing cardiac catheter-
ization (6 %) and standard radionuclide techniques in the
remainder (38%) .
Follow-up . All patients were followed up as outpatients,
and were seen by one of us (T .C .) at 1, 3, 6, 1 and 18 months
or as clinical circumstances dictated . Careful inquiries were
made of the relatives and personal physicians of nonattend-
ers to determine whether they had died and, if so, the mode
of death . An arrhythmic event was defined as documented
spontaneous symptomatic sustained ventricular tachycardia
occurring >48 h after the onset of infarction without evi-
dence of reinfarction, instantaneous death not preceded by
chest pain, or syncope with evidence of instantaneous car-
diovascular collapse without reinfarction . Reinfarction was
defined by the presence of at least two of the following three
factors: typical chest pain, enzyme increase and ECG
changes (as already described) or sudden death preceded by
severe chest pain .
No patient received prophylactic antiarrhythmic therapy
on the basis of the results of signal-averaged ECG, Holter
monitoring or the stimulation study . No patient was specif-
ically referred for study because of a perceived risk of
spontaneous arrhythmias .
Statistics . Continuous variables were expressed as the
mean, median and range ; comparisons between unmatched
groups were performed using the unpaired two-tailed t test .
Sensitivity was defined as true positives/true positives +
false negatives ; specificity as true negatives/true negatives +
false positives ; positive predictive accuracy as true posi-
tives/true positives + false positives . The chi-square test
with Yates' correction was used to compare unmatched
proportions . Multivariate analysis was carried out using the
Cox proportional hazards model, employing the PHGLM
procedure in the SAS mainframe package .
Results
Features of the study group . During the recruitment pe-
riod, 9 patients were admitted to the hospital with acute
myocardial infarction, subject to the exclusion criteria listed
earlier . Twenty patients were excluded because of death (16
patients) or cardiac surgery (1 with ventricular septal rupture
and 3 with unstable postinfarction angina) during the first
week. All early deaths were due to pump failure or intrac-
table arrhythmias in the context of an acute ischemic epi-
sode; none was primarily an arrhythmic death .
Of the 9 patients screened, 154 were not studied with
programmed electrical stimulation, either because of
administrative problems (6 patients because they were not
Table 1 . Demographic Data on 9 Tested and Excluded Patients
With Acute Myocardial Infarction
seen by us during admission, and 4 patients with technical
problems relating to the stimulation study) or because the
patient or attending physician was unwilling to give in-
formed consent to proceed with the stimulation study
(n = 144) . The study group, thus, comprised 75 patients .
There was no significant difference between those patients
who were or were not studied in terms of mean age,
incidence of previous infarction, ECG infarct site or type
and mean Killip class or Norris index on admission (Table
1). However, only two women were willing to give their
consent to the study, resulting in a lower proportion of
women in the study group .
Electrophysiologic study . Electrophysiologic study was
performed in all 75 patients a mean of 1 days after infarction
(median 14, range 5 to 81) . Most patients (85%) were studied
within the first 8 days after infarction. There was no
significant difference between the inducibility of sustained
monomorphic ventricular tachycardia in those studied late
(> 8 days) compared with those studied early (tachycardia
could be induced in 4 of 64 patients studied early, compared
with 3 of 11 studied late) or in the inducibility of any
sustained arrhythmias (inducible in 18 of 64 patients studied
early compared with 5 of I I patients studied late) .
In 44 patients (59%), repetitive ventricular responses
were obtained ; in 3 (3 %), nonsustained ventricular tachy-
cardia was inducible ; in 8 (11%), sustained monomorphic
ventricular tachycardia was induced and in 14 (19%), poly-
morphic ventricular tachycardia or fibrillation could be in-
duced . Among the 3 patients in whom sustained arrhyth-
mias were induced, 19 required direct current cardioversion,
responded to overdrive pacing, 1 responded to intravenous
flecainide and in 1, the arrhythmia terminated spontane-
ously. Among the 19 patients undergoing direct current
cardioversion, 14 (74%) developed the arrhythmia in re-
sponse to triple extrastimuli .
The relation between protocol stage and response is
shown in Figure 1 . The inducibility of repetitive ventricular
Tested Excluded p Value
No. of patents 75 154
Age (yr)
Mean/median 55/56 57/58
Range 3 to 70 8 to 70 NS
Female (3%) 41 ( 7%) <0.0001
Prior infarction 1003%) (14%) NS
Anterior site 44(59%) 71 (46%) NS
Non-Q wave 6(53%)
56(36%) NS
Killip class >11 5 (7%) 11 (7%) NS
Norris index >9 4 (5%) 11 (7%)
NS
Clinical complications 8 (37%) 45 ( 9%) NS
Ischemic events 3 (4%) 10(6%) NS
Arrhythmic events 6(8%) 10(6%) NS
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PROTOCOL STAGE
Figure 1 . Cumulative inducibility of arrhythmias by protocol stage .
NSVT = nonsustained ventricular tachycardia; PVT/F = polymor-
phic ventricular tachycardia or fibrillation ; RVR = repetitive ven-
tricular response ; SMVT = sustained monomorphic ventricular
tachycardia .
responses and nonsustained ventricular tachycardia in-
creased throughout the stimulation protocol, and there was a
marked increase in the incidence of inducible sustained
polymorphic ventricular tachycardia and ventricular fibrilla-
tion with triple extrastimuli, especially at the faster pacing
rates . However, four of six patients with sustained mono-
morphic ventricular tachycardia and arrhythmic events re-
quired triple extrastimuli to elicit this response .
The occurrence of nonsustained ventricular tachycardia
early during the stimulation protocol (before the introduc-
Table . Predictive Value of Various Prognostic Variables for Propensity to Arrhythmic Events in
9 Patients With Acute Myocardial Infarction
tion of the third extrastimulus) was not a reliable indicator of
the later development of sustained tachyarrhythmia . Only 8
of 3 patients with nonsustained ventricular tachycardia with
up to double extrastimuli had inducible sustained tachyar-
rhythmias (two monomorphic and six polymorphic), and of
the 8 patients with inducible sustained monomorphic ven-
tricular tachycardia, only had nonsustained ventricular
tachycardia earlier in the stimulation protocol ; of the 14
patients with polymorphic ventricular tachycardia or ven-
tricular fibrillation, only 6 had prior inducible nonsustained
ventricular tachycardia .
In no case was the cycle length of the induced sustained
monomorphic ventricular tachycardia < 00 ms in duration ;
the mean cycle length was 63 ms (median 50, standard
deviation [SD] 59, range 10 to 400) . No long-term adverse
effects attributable to the stimulation study were observed in
any patient .
Other prognostic data . The results of the other prognostic
tests are summarized in Table , both for the 75 patients who
underwent the stimulation study and the 154 who were
excluded. Overall, there was no significant difference in the
prognostic value of the various tests examined when the two
groups were compared, suggesting that the study group and
the excluded group were broadly similar .
Of those in the study group, clinical information, enzyme
results and exercise test data were available for all patients .
Technical problems prevented interpretation of the signal-
averaged ECG in two patients . In seven patients, the Holter
recording was unsatisfactory, and in 11 patients, ejection
fraction data were not available . However, in no case in
*See text for a full description of the clinical complications . NSVT = nonsustained ventricular tachycardia
;
PPA = positive predictive accuracy ; PVT/F = polymorphic ventricular tachycardia or fibrillation
; RVR = repetitive
ventricular response ; SAECG = high gain signal-averaged electrocardiogram
; SMMVT = sustained monomorphic
ventricular tachycardia; T, NT = tested or not tested with ventricular stimulation, respectively .
JACC Vol . 14, No
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T NT T NT T NT T NT
Clinical variables
Killip class >11 50 30 97 95 60 30 75 154
Norris index >9 17 40 95 95 5 36 75 154
Positive exercise test 33 50 4 54 5 6 75 154
Clinical complications* 83 80 68 74 19 18 75 154
Ejection fraction <40%
67 40 76 90 33 64 85
Electrophysiologic variables
Abnormal SAECG 83 80 78 8 5 6
73 139
Ectopic frequency >I 0/h 67 71 85 8 31 18 68 136
Couplets/nonsustained VT 50 71 77 81
18 17 68 136
RVR
50 41 7 75
NSVT 33 67 8 75
PVT/F 0 80 0 75
SMVT 100 97 75 75
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which
data were missing were there either arrhythmic or
ischemic events .
Clinical data . The occurrence of clinical evidence of
major infarction (cardiogenic shock, pulmonary edema, per-
sistent tachycardia or elevated blood urea) at any time
during the in-hospital course was sensitive for the prediction
of arrhythmic events . The signs were present in 8 of 10
patients who had an arrhythmic event but did not undergo
stimulation study and in 5 of 6 of those with an arrhythmic
event who underwent the stimulation study . The presence of
these signs was inaccurate, however, in predicting arrhyth-
mic events
; < 5% of those with these signs had an arrhyth-
mic event (positive predictive accuracy 19% for those un-
dergoing stimulation study, and 18% for those not studied) .
Signal-averaged ECG . The presence of signal-averaged
ECG abnormalities was also sensitive (5 of 6 patients under-
going stimulation study and 8 of 10 patients not undergoing
study), but inaccurate (positive predictive accuracy
5%) for
the prediction of arrhythmic events . There was an overlap
between the presence of signal-averaged ECG abnormalities
and the occurrence of arrhythmic events, and the presence
of clinical markers of major infarction and the occurrence of
arrhythmic events (that is, some patients with an event had
signal-averaged ECG abnormalities but no clinical compli-
cations, and vice versa) . Only two patients with inducible
sustained monomorphic ventricular tachycardia did not have
an abnormal signal-averaged ECG (in one, the ECG results
were borderline and became positive later, and the other has
had an entirely uncomplicated course)
.
Holter monitoring. The presence of an ectopic beat fre-
quency >10/h was associated with the occurrence of ar-
rhythmic events both in those undergoing and in those not
undergoing the stimulation study (Table ). Holter monitor-
ing appeared to be less sensitive and as inaccurate as clinical
assessment and the occurrence of signal-averaged ECG
abnormalities in the prediction of arrhythmic events
. The
presence of repetitive forms (couplets, triplets or more) was
also associated with the occurrence of arrhythmic events,
but added nothing to the presence of frequent ectopic beats
as a prognostic determinant in this group of patients .
Combinations of variables . Of the various combinations
of noninvasive prognostic variables, signal-averaged ECG
abnormalities in combinations with either clinical complica-
tions or frequent ventricular ectopic beats provided the best
prediction of arrhythmic events . The former combination
had a
sensitivity of 83% and a positive predictive accuracy of
63% for the prediction of arrhythmic events, whereas the
latter had a sensitivity of 67% and a positive predictive
accuracy of 67% .
Multivariate analysis . Multivariate analysis was per-
formed with use of the Cox proportional hazards model to
determine the relative value of the different prognostic
variables in predicting arrhythmic events
. The variables
considered were the occurrence of clinical features sugges-
tive of major infarction (see Methods), a positive exercise
test, an ejection fraction <40%, the presence of signal-
averaged ECG abnormalities and the four responses to
ventricular stimulation (that is, sustained monomorphic ven-
tricular tachycardia, polymorphic ventricular tachycardia or
fibrillation, nonsustained ventricular tachycardia and repet-
itive ventricular responses) . The only variable independently
associated with the occurrence of arrhythmic events during
follow-up study was the inducibility of sustained monomor-
phic ventricular tachycardia (p < 0 .00 ; population regres-
sion coefficient [(3] 3.647) .
Follow-up . No patient was lost to follow-up, which con-
tinued for a mean of 16 months (median 16, range 6 to 30) .
During the follow-up period, there were six patients who had
an arrhythmic event (five with documented ventricular
tachycardia and one with syncope with cardiovascular col-
lapse) and three patients who sustained reinfarction (one
fatal) . None of the patients with an arrhythmic event was
receiving antiarrhythmic therapy at the time of the event .
Nine patients underwent coronary bypass surgery, one
shortly after reinfarction ; two died perioperatively. One of
the patients with sustained monomorphic ventricular tachy-
cardia underwent bypass surgery ; his subsequent course was
uneventful . With the exception of a positive exercise test,
none of the prognostic variables was found more frequently
in patients who underwent bypass surgery than in those who
did not. All but one of the surgically treated patients had a
positive exercise test, whereas only one had clinical signs of
major infarction in the early phase, two had an ejection
fraction <40%, three had an abnormal signal-averaged ECG
and two had an ectopic beat frequency >10/h. The induc-
ibility of arrhythmias was also not different in the surgically
treated group . Of the nine surgically treated patients, three
had inducible polymorphic ventricular tachycardia, four had
inducible nonsustained ventricular tachycardia, one had a
repetitive ventricular response and one had no inducible
arrhythmia .
Discussion
Since the introduction of programmed ventricular stimu-
lation to the field of clinical cardiology in 197
(16), much
work has been done to discover the optimal stimulation
protocol and the most meaningful response to programmed
electrical stimulation in relation to clinical ventricular tachy-
cardia. At least one clear fact has emerged. Inducible
sustained monomorphic ventricular tachycardia is highly
specific to patients with a history of spontaneous ventricular
tachycardia, whereas repetitive ventricular responses, non-
sustained ventricular tachycardia and polymorphic ventric-
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Previous studies of programmed ventricular stimulation in
postinfarction patients. The application of programmed ven-
tricular stimulation to the postinfarction patient has spanned
the period during which this technique has been in use
clinically, and the design of some of the previous studies
can, with hindsight, be criticized . The results of the early
studies (3,17) using the inducibility of nonsustained arrhyth-
mias as an end point have not been substantiated . In other
studies (4,5,18) only double extrastimuli were used and
(perhaps as a consequence) the data were found to be poorly
sensitive for the prediction of arrhythmic events . Also, in the
study of Marchlinski et al . (4), among the five patients with
inducible sustained monomorphic ventricular tachycardia,
one was treated with quinidine, one had both bypass surgery
and quinidine therapy and one other had bypass surgery, all
of which could clearly have influenced outcome .
In the study of Roy et al . (5), although 16 patients with
inducible ventricular tachycardia had an uncomplicated
course, the minimal follow-up period was only months and
the configuration of the induced tachycardia was not stated .
Bhandari et al. (19) used a different protocol, which started
with burst pacing in the right ventricle, and included left
ventricular pacing before triple extrastimuli in the right
ventricle. Although 13 patients with inducible sustained
monomorphic ventricular tachycardia had an uncomplicated
course, 10 of them were on antiarrhythmic therapy, and the
minimal follow-up period was only 4 months .
Our results are in agreement, however, with those of
Denniss et al . (6) and Waspe et al . ( 0) . Both the former,
using double extrastimuli with high current stimulation, and
the latter, using triple extrastimuli, found, as we did, that
arrhythmic events were associated with inducible ventricu-
lar arrhythmias in every case .
Choice of stimulation protocol . No stimulation protocol is
universally considered to be suitable for screening patients
with recent acute myocardial infarction for arrhythmic pro-
pensity. We elected to use the protocol devised by Wellens
and Stevenson and their coworkers (11,1 ) because it is
simple and rapid, requiring only one right ventricular stim-
ulation site . Studies by this group ( 1) have shown that this
protocol is sufficiently aggressive to provide the sensitivity
required of a screening test, employing as it does up to three
extrastimuli .
Because the occurrence of nonsustained arrhythmias
early in the stimulation protocol did not predict the occur-
rence of diagnostic arrhythmias with triple extrastimuli, it is
possible that an even simpler protocol, employing merely
triple extrastimuli in sinus rhythm and during ventricular
pacing at 100, 1 0 and 140 beats/min, might be as effective,
but further study is required to test this hypothesis .
Results of current study. The purpose of our study was
twofold: 1) to investigate the prognostic value of the de-
scribed stimulation protocol in patients with recent acute
myocardial infarction, and ) to compare the results of this
investigation with other tests known to be of prognostic
value in this group of patients. All six patients who devel-
oped an arrhythmic event during the follow-up period had
inducible sustained monomorphic ventricular tachycardia
(sensitivity for prediction of arrhythmic events 100%) . Fur-
thermore, only two other patients who showed this response
had an uncomplicated course (specificity 97%, positive pre-
dictive accuracy 75%) .
The results of other prognostic tests, even though indi-
vidually correlated with the occurrence of arrhythmic
events, fell short of this high predictive accuracy. An abnor-
mal signal-averaged ECG was sensitive (83%) for the pre-
diction of arrhythmic events, but many patients with an
abnormal signal-averaged ECG has an uncomplicated course
(positive predictive accuracy 5%). Furthermore, simple
clinical indicators of major myocardial infarction were sen-
sitive as an indicator of arrhythmic events (83%), though
they were also very inaccurate (positive predictive accuracy
19%). An ectopic beat frequency >10/h on the Holter
monitor was comparable in positive predictive accuracy with
that of an abnormal signal-averaged ECG ( %), but was less
sensitive (67%) .
The best noninvasive prediction of arrhythmic events was
obtained from the combination of an abnormal signal-
averaged ECG with either clinical indications of major
infarction (sensitivity 83%, positive predictive accuracy
63%) or with ectopic beat frequency >I 0/h (sensitivity 67%,
positive predictive accuracy 67%) . Ejection fraction mea-
surement was less sensitive (67%) than either an abnormal
signal-averaged ECG or inducible monomorphic ventricular
tachycardia in predicting arrhythmic events, and also had
low positive predictive accuracy ( %) .
The exercise test was a poor predictor of arrhythmic
events (sensitivity 33%, positive predictive accuracy 5%) ; all
three patients with recurrent infarction had a positive exer-
cise test . The prediction of ischemic events from electro-
physiologic criteria was also very poor, with none of the
three patients having inducible ventricular tachycardia or an
abnormal signal-averaged ECG (although two of them had
complex ventricular ectopic activity on Holter monitoring) .
It cannot be denied that the stimulation study has serious
drawbacks . Nineteen patients ( 5%) required direct current
cardioversion during the study because of induced tachyar-
rhythmia . In the majority of these patients, the induced
arrhythmia was polymorphic ventricular tachycardia or ven-
tricular fibrillation, which was of little prognostic value in
our series (Table ). The incidence of such nonspecific
arrhythmias increased markedly with the introduction of
triple extrastimuli (Fig . 1). On the other hand, of the six
patients with inducible monomorphic ventricular tachycar-
dia related to arrhythmic events, four required triple extra-
stimuli to produce this response .
Limitations of the study . Although we screened all 9
consecutive hospital patients surviving to 1 week after acute
JACC Vol
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myocardial infarction during a year period, only a propor-
tion of these (33%) were assessed with ventricular stimula-
tion . This result was predominantly due to the patients'
reluctance to undergo this invasive study once its research
nature was explained . Doubt must, therefore, exist as to the
applicability of these results to our patient population as a
whole. However, the patients not studied with ventricular
stimulation were thoroughly characterized by other meth-
ods, and appeared to be similar to the study group, both in
their demographic characteristics (Table 1) and in the fre-
quency of occurrence of positive results in the noninvasive
tests and their prognostic significance (Table ) .
As a consequence of the relatively small number of
patients studied, there were few end points (6) . The confi-
dence limits for the prognostic values obtained are, there-
fore, wide (± 5 to 30%) . On the other hand, the results
obtained are similar to those obtained in prior independent
studies of similar design (10, 0) .
In this study, we did not assess the time course of
inducibility after infarction, and we accept the possibility
that in a proportion of those studied within the first weeks,
tachycardia may no longer be inducible if the patient is
retested later. However, because the greatest at-risk period
is within the first few weeks after infarction, we consider it
desirable to test patients before discharge, if possible, rather
than wait for the occurrence of electrophysiologic stability,
when many of those at risk might have died .
Clinical relevance of study results. More widespread clin-
ical application of tests such as programmed ventricular
stimulation in patients early after acute myocardial infarc-
tion must await both confirmation of our results and satis-
factory evidence that effective treatment is available for
those so judged to be at high risk from arrhythmic events . In
our experience, the majority of patients (80%) at risk from
arrhythmic events are characterized by an in-hospital course
complicated by clinical evidence of major myocardial infarc-
tion. If these patients also have noninvasive markers of
arrhythmic propensity, the probability of later arrhythmic
events is high . Such patients might be selected for ventric-
ular stimulation, and drug therapy chosen by serial electro-
physiologic testing if sustained monomorphic ventricular
tachycardia is inducible . These patients should also undergo
a full evaluation of the ischemic burden with use of exercise
testing and cardiac catheterization because many will have
severe coronary artery disease and impaired left ventricular
function and might benefit from coronary angioplasty or
bypass surgery .
Conclusions . Inducible sustained monomorphic ventricu-
lar tachycardia in patients with recent acute myocardial
infarction is a highly sensitive and accurate indicator of
arrhythmic events . The test is, however, invasive, and
approximately 5% of tested patients require direct current
cardioversion. Noninvasive tests, especially if considered in
combination with clinical indicators suggestive of major
infarction such as the occurrence of cardiogenic shock,
pulmonary edema, persistent tachycardia and elevated blood
urea concentration, also predict postinfarction arrhythmic
propensity with a high degree of accuracy . Ventricular
stimulation studies might have a role in this context, in the
selection of optimal antiarrhythmic therapy in patients al-
ready judged to be at high risk on the basis of noninvasive
tests, however, the value of specific antiarrhythmic therapy
in these patients has yet to be formally established .
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